Thirty-one of 35 canine intestinal neoplasms were adenocarcinomas and four were carcinoids. Acinar, solid, papillary and mucinous adenocarcinomas were seen. Acinar and papillary adenocarcinomas were more common in the duodenum, colon and rectum. Papillary adenocarcinomas involved longer segments of the intestine. Mucinous adenocarcinomas were in all segments of the intestines but were more frequent in the jejunum. The only signet ring cell carcinoma occurred in the duodenum. Carcinoids occurred equally in the duodenum and colon. Half the rectal tumors showed transition from benign polypoid lesions to adenocarcinomas. Hyperplasia, branching of crypts, increase in goblet cells, and glandular fusion (some cells with anaplasia) were severe in the mucosa adjoining all neoplastic tissue. Local invasion was seen in 32 dogs. Lymph node, lungs, liver and intestinal wall were the most common sites of metastases. Half of the metastases in the liver were from carcinoids and were diffuse.
Canine intestinal adenocarcinomas, especially of the small intestine, are rare [9, 12, 14, 19] , but they do comprise most ofthe primary neoplasms of the intestines [20, 21] . As in man [I, 2,4,6,24, 29] , but not in cats [14, 18] , canine adenocarcinomas occur more frequently in the large intestine than in the small [9, 14, 19] . Various classifications have been proposed [9, 12, 22] , and the clinical signs and biologic behavior have been described [9, 12, 14, 22] . Recently, the World Health Organization (WHO) adopted a general classification of neoplasms of the gastrointestinal tract in domestic animals [10] .
We propose a histologic classification based on the predominant features of 31 spontaneous adenocarcinomas and four carcinoids. Although the number of cases is small when compared with those of similar studies in man [I, 6, 7, 21, 24] , our report involves the largest series of intestinal adenocarcinomas in the dog [9, 12, 14, 22] .
Materials and Methods
Materials for this study were from the necropsy files of the pathology department of The Animal Medical Center and were collected from 1962 through 1975. Lesions were studied grossly and histologically. Age, sex, breed, sites and clinical aspects of the different groups of tumors were compiled. Tissues obtained at necropsy were fixed in 10% buffered formalin, 149 processed, stained with hematoxylin and eosin (HE) and, when needed, with Mayer's mucicarmine, Masson's trichrome, periodic acid-Schiff (PAS), and van Gieson's stain.
Results
Thirty-one intestinal adenocarcinomas and four intestinal carcinoids were diagnosed in 10,270 canine necropsies. Adenocarcinomas were in the duodenum (seven), jejunum (four), ileum (one), colon (nine) and rectum (10) . Two carcinoids were in the duodenum and two in the colon.
Clinical signs
The predominant clinical signs in five ofseven dogs with duodenal adenocarcinoma were anorexia, postprandial vomiting and depression. The occasional signs were black, tarry stools and ascites. An abdominal mass rarely was palpated. Weight loss was evident in both dogs with duodenal carcinoids, and diarrhea and icterus were seen in one. Similar clinical signs, except for icterus, were observed in those dogs with jejunal and ileal neoplasms. In dogs with colorectal neoplasms, the most common clinical signs were straining on defecation and hematochezia. In six of 10 dogs with rectal carcinoma, rectal bleeding was seen, and rectal prolapse occurred in one. Occasional signs were weight loss, vomiting and, rarely, diarrhea. Diarrhea and weight loss were associated with both colonic carcinoids. No clear association between the clinical signs and the type of adenocarcinoma was observed.
Histologic classification
There were seven duodenal adenocarcinomas (table I) .
1) Acinar (three). These were characterized by hypercellular crypt glands that formed various sized acini that partly or completely replaced the mucosa and infiltrated the submucosal and muscular layers as groups of dissecting acini ( fig. 1 ). The cells were basophilic, columnar and cuboidal with basal, prominent, hyperchromatic, condensed nuclei and moderate amounts of cytoplasm. The acinar structures contained mostly an eosinophilic secretion. Mucin was rare. There was necrosis, inflammatory cell infiltration,and severe desmoplasia in association with neoplasms that infiltrated the intestinal wall. In the mesentery, the reactive tissue consisted of mature zigzag collagen bundles with focal lymphocytic accumulation and scattered neoplastic cells as acini or single cells. The mucosa adjoining neoplastic tissue was hyperplastic; crypt glands were dilated and had multiple branching. There was also hyperplasia of the surface epithelium. Surface epithelia and the crypt glands contained many goblet cells. All had generalized peritoneal and distant metastases (table  II) .
2) Papillary (two). Both involved large segments of the anterior part of the duodenum. One neoplasm was characterized by wide projections with multiple infolding papillary structures lined by tall columnar cells with elongated vesicular nuclei and prominent nucleoli and a thin vascular stroma. The other neoplasm had projections lined by epithelium with a cribriform pattern and many layers of more anaplastic, tall columnar cells with vesicular nuclei ( fig. 2 ). Mitotic figures were frequent. The papillary infoldings were less frequent than in the previous case. In both tumors, there were areas of glandular fusion in the adjacent mucosa, which also had elongated crypt glands with secondary branching; some crypts were filled with mucin. Many goblet cells lined the crypt glands and villi, which gave the appearance of a rectal mucosa. Lacteals filled with neoplastic cells, wide villi and thick mucosa were common in the adjoining mucosa, resulting in involvement of large sections of the intestine. Local invasion was seen in both tumors. Metastases to other layers of the intestine occurred as large groups of glandular structures with moderate desmoplasia. The lymph nodes were the only other sites of metastasis.
3) Solid (one). Solid sheets oflarge pleomorphic cells, which occasionally formed acini, replaced the duodenal mucosa. These cells had ample basophilic cytoplasm, large vesicular nuclei with thick chromatin, and often more than one large nucleolus ( fig. 3 ). The cells varied from polygonal to spindle, with vacuolated or granular cytoplasm. The neoplastic cells were in the lymphatics of the duodenum and infiltrated the adjoining tissue as solid groups or chains of cells with desmoplasia. There were a few islands of mucin, some with neoplastic cells, and occasional signetring cells in the infiltrating lesion. Fused crypt glands containing cells similar to neoplastic cells were seen in adjacent mucosa, and their lacteals were filled with neoplastic cells. Mucosa adjoining the neoplasm had changes similar to those seen in the papillary adenocarcinoma. Islands of mucin, resulting from trapped crypts or villi, were seen among the neoplastic cells. Diffuse local invasion with severe desmoplasia was seen. Frequent mitoses were seen in the primary and metastatic sites. The neoplasm had multiple distant metastases (table II) . 4)Mucinous (signet-ring cell) (one). Diffuse reactive stroma mixed with neoplastic cells replaced the duodenal mucosa. This tumor had a mixture of typical signet-ring cells with intracytoplasmic mucin and round to polygonal, pleomorphic cells with pale eosinophilic cytoplasm ( fig. 4 ). The latter cells were more common in the mucosa, whereas there were more signet-ring cells as the neoplasm infiltrated the bowel wall. The eosinophilic cells had vesiculated nuclei and prominent nucleoli. There were large islands of lymphoid cells in the neoplasm. There was random infiltration into the muscularis mucosa and the muscularis propria with severe desmoplasia. Hyperplasia of the duodenal and crypt glands was seen in the adjoining mucosa with foci of glandular fusion in the terminal sections of the villi. The neoplasm extended into the gastric wall with severe desmoplasia. There were metastases to the lymph nodes.
. 5)Carcinoid (two). One tumor was composed of medium sized cells that replaced the duodenal mucosa with many compact acini or rosettes ( fig. 5 ). In the same section there were areas of transition from the crypt glands; some of these areas were nodular with a thin capsule. The cells had eosinophilic cytoplasm, vesiculated nuclei and prominent nucleoli. There was moderate cellular pleomorphism but no mitosis. The neoplasm invaded the submucosa and muscularis through lymphatics, sometimes forming sheets of cells with central necrosis and mineralization. A thin vascular stroma supported single or multiple rosettes, and there was little desmoplasia in the surrounding tissue. Squamous metaplasia was seen in a few acinar-like structures.
In the second tumor, the duodenal mucosa was replaced by solid groups of cells that formed rosettes. These cells were smaller and more anaplastic than those of the other tumor, had a basophilic cytoplasm, and had more mitoses. The neoplasm infiltrated in a mixed pattern of solid nests, trabeculae, cords and ribbons with palisading peripheral cells separated by severe desmoplasia (fig. 6 ). As the neoplasm invaded the intestinal wall and mesentery, there also were areas of hyalinization, mineralization and differentiation to acini lined by cuboidal or columnar cells with cellular debris in the center (central necrosis).
In both tumors, changes in the adjoining mucosa were similar to, but more severe than, those seen in the papillary adenocarcinomas. Both had distant metastases and diffuse local invasion with perineural and neural infiltration. Liver metastasis was diffuse (table II) .
There were four jejunal and one ileal adenocarcinomas. 1) Mucinous (four). These neoplasms were characterized by replacement of the mucosa with various sized acini or elongated crypt glands with large cells loaded with mucin or cells with eosinophilic cytoplasm ( fig. 7 ). Where the lumen was intact it was filled with mucin. In some areas, most ofthe mucosa was replaced by irregular pools of mucin, some with goblet cells floating singly or in strands. The neoplastic cells with mucin had thin, crescent-shaped nuclei. The cells with eosinophilic cytoplasm were large, cuboidal or columnar with vesicular nuclei and one or more nucleoli. The neoplastic glands infiltrated the intestinal wall and most were distended with mucin. Large sections of the intestinal wall and mesentery were dissected and replaced by large irregular pools of mucin, many without epithelial cells, others partially lined by mucin-containing cells. Some of the pools of mucin contained strands of floating cells. Cellular areas with more acini than extracellular mucin were seen in all affected areas. Perineural and neural infiltration and islands of lymphoid cells were seen in the mesentery.
Hyperplasia of crypt glands containing goblet cells was seen in the adjoining mucosa and was difficult to distinguish from the neoplastic tissue. Peritoneal metastasis occurred in all four tumors, and distant metastases characterized by pools of mucin were seen in the three jejunal tumors.
2) Acinar (one). Histologic features of this jejunal neoplasm were similar to those described for this neoplasm in the duodenum. Local invasion but no distant metastasis was seen.
There were nine colonic adenocarcinomas. 1) Acinar (five). Histologic features were similar to those described for this tumor in the duodenum. The significant difference was that the neoplastic cells infiltrated Peyer's patches at the primary site. In areas where Peyer's patches were not apparent ( fig. 8 ), the neoplastic cells were surrounded by aggregates of lymphoid cells. Most of the neoplastic areas formed craterlike structures. As neoplastic cells infiltrated the mesentery, lymphoid cells became less common, and these neoplasms were similar to those in the duodenum. In neighboring Peyer's patches, irregularly shaped acini were frequent. Hyperplasia of the crypt gland with goblet cells was in the adjoining mucosa but was less severe than that of the small intestine. Multiple villi also were in the adjoining mucosa, but no transition to neoplasm was seen. Peritoneal and distant metastases were in four tumors (table II) .
2) Papillary (one). Histologic features were similar to those described for these tumors in the duodenum. The papillary infoldings and the pseudostratification of the cells lining the papillary structures were more frequent than that seen in the duodenum. There was superficial mucosal spread but no metastases beyond the bowel wall.
3) Solid (two). Histologic features of this tumor were similar to those of the tumor in the duodenum, except that desmoplasia was more severe, and signet-ring cells and mucinous areas were more common. Local invasion and distant metastases also were seen (table II) .
4) Mucinous (one). Histologic features were similar to the mucinous adenocarcinomas of the jejunum and ileum. Local invasion and distant metastases were seen (table II) .
In cases of colonic adenocarcinomas, the changes in the adjoining mucosa were less severe than those of the jejunal and ileal adenocarcinomas. Glandular fusions, which were infrequent in the small bowel adenocarcinomas, were not seen in the colonic neoplasms. 5) Carcinoid (two). One of the carcinoids was similar to the first duodenal carcinoid. It was characterized by nodular lesions with rosettes replacing the mucosa. Metastatic lesions also were composed of sheets of cells with central necrosis and occasional mineralization, but the cells were less hyperchromatic, smaller and had spindle cells. The second neoplasm also had nodular features. The infiltrating lesions, however, were similar to those of the second duodenal carcinoid with severe desmoplasia, formation of cords, ribbons and festoons with rosettes. This was considered a mixed type. Both tumors had local invasion and distant metastases, including diffuse metastases to the liver (table II) .
There were 10 rectal adenocarcinomas. 1) Acinar (five). These neoplasms had solid and acinar structures that replaced segments of the rectal mucosa. In two, the lesions projected beyond the surrounding mucosa. Morphology of the neoplastic cells was similar to that described for the duodenal acinar adenocarcinomas. The neoplasms invaded as acinar or solid groups of cells with severe desmoplasia in the intestinal wall and mesentery. There were areas with mucin pools or groups of signet-ring cells. Focal areas of lymphoid cell accumulation were common, mostly in the metastatic lesion. There were local invasion and distant metastases in all neoplasms (table II) . Perivascular and perineural infiltrations were common. . ' 2) Papillary(three). Two neoplasms were characterized by adenomatous structures and one by tubulovillous structures. The former had irregular papillary structures lined by cuboidal to tall columnar cells, well differentiated to anaplastic cells with round to elongated nuclei, and prominent nucleoli ( fig. 9 ). One neoplasm had many goblet cells; the other had few and the cells were more dysplastic. The tubulovillous type had both glandular as well as villose projections. Dilated glands were filled with mucin and were lined by pseudostratified elongated epithelial cells similar to the cells in the adenomatous type of tumor ( fig. 10 ). There were frequent mitoses in both types. Hyperplastic changes with irregular crypt glands, some lying parallel or at angles to the muscularis mucosa and some containing many goblet cells, were seen in the adjoining mucosa. There was transition from the polypoid growth to carcinoma. Infiltration into the submucosa and muscularis was seen in all neoplasms, but distant metastasis was noted in one (table II) .
3) Mucinous (two). Both tumors were characterized by villose adenomatous structures in the mucosa with areas replaced by pools of mucin or irregular cyst-like structures lined by large eosinophilic or goblet cells and filled with mucin ( fig. 11 ). Irregular large lakes of mucin invaded the submucosa and muscularis, splaying the muscle bundles. Some mucin lakes were completely or partially lined by neoplastic cells. Areas of lymphoid and plasma cell accumulations were seen. There was local invasion with pools of mucin, scant desmoplasia and distant metastases.
Distribution of adenocarcinomas and carcinoids in different segments
Particular types of adenocarcinomas tended to have a site of predilection (table I) . Seventeen of 31 intestinal adenocarcinomas were in the colorectal segment. None occurred in the cecum. Seven of the 31 were in the duodenum. Fourteen of 31 adenocarcinomas were acinar; none were in the ileum. There were no papillary adenocarcinomas in the jejunum and ileum. Mucinous adenocarcinomas occurred in all segments, but three of four adenocarcinomas in the jejunum were mucinous. Carcinoids occurred only in the duodenum and colon.
The length of 22 neoplasms was noted at necropsy. The average length of bowel involved with each of the acinar, solid and mucinous adenocarcinomas was 4 em (range, 2 to 5 em for acinar; 3 to 5 em for mucinous; 3.5 to 5 em for solid). The two papillary duodenal adenocarcinomas were 25 and 95 em long, and the papillary colon adenocarcinoma was 10.3em. In all three, the involvement of the large section was caused by horizontal extension of the primary neoplasm, direct or intralymphatic. The length of the papillary neoplasms in the rectum was only 0.5 to 1 em long, but cryosurgery was done several times in both cases. Large segments of the intestine ranging from 3.5 to 15 em (average length, 8.6 em) were involved in the carcinoids.
We have described the gross lesions as annular, when the lumen was constricted with thick and fibrosed wall but had no outgrowths; or intraluminal when there was neoplastic growth into the lumen as well as infiltration into the wall. In three neoplasms, the gross descriptions were not adequate for proper classification. The relation of gross lesions to the different types of adenocarcinomas and the carcinoid in different segments of the bowel are in table I. The acinar adenocarcinoma had both annular and intraluminal lesions with almost equal frequency. Most solid and mucinous adenocarcinomas and all carcinoids were annular; all papillary ones were intraluminal. While most of the lesions in the colon were annular, most of the lesions in the rectum were intraluminal, regardless of the type of adenocarcinoma.
The sites for metastasis for the different types of adenocarcinoma are in table II. Extension of the neoplasm beyond the bowel wall was seen in 30 of35. Lymph nodes, liver, lungs and adjoining sections of the gastrointestinal wall were the most common sites of metastasis. All carcinoids not only had diffuse liver metastasis, but four of eight instances of liver metastasis were from carcinoids. Similarly, four of the eight neoplasms with metastasis to the adjoining mucosa were papillary adenocarcinomas, indicating its horizontal pattern of spread in contrast to the perpendicular spread of other groups.
Additional neoplasms were seen in four dogs: one had two neoplasms, a seminoma and an interstitial cell tumor. The other neoplasms seen were osteosarcomas, seminoma and pheochromocytoma. None of the dogs with carcinoids had any other tumor. There was no association between the additional neoplasms and the types of adenocarcinoma.
Discussion
In addition to having distinguishing histologic features, the different neoplasms had predominant sites of occurrence in the various segments of the intestines (table  I) . Mucinous adenocarcinomas occurred in all segments of the bowel, but three of the four neoplasms occurring in the jejunum were mucinous.
Although neoplasms of each segment could be classified into four groups, there were histologic differences when these neoplasms occurred in various segments. The most obvious differences were found in acinar adenocarcinomas of the colon and papillary adenocarcinomas of the rectum. This necessitated a classification and specific description for each segment under each of the four broad categories.
The WHO classification not only encompasses all species of domestic animals but all segments of the gastrointestinal tract lined with glandular epithelium [10] . We believe it desirable to have separate classifications for gastric and for intestinal adenocarcinomas in the dog (table III) . In a recent study of gastric adenocarcinomas in the dog, two distinct types of gastric adenocarcinomas and a few of their subtypes were seen [20] . The histologic features of these tumors were similar to the intestinal Carcinoids of the gastrointestinal tract have been described before in animals [5, 10] . The morphologic features in two of our cases were similar to type A, one to type C, and the fourth was a combination of types A and C, as has been described for carcinoids in man [26J.
Because of the almost equal distribution between annular and intraluminal lesions in acinar adenocarcinoma, it might be suggested that the intraluminal form may progress to the annular in these neoplasms. All the papillary forms were intraluminal. This corresponds to the morphologic features seen in these tumors, both in the small and large intestines. All of the mucinous adenocarcinomas occurring in the small intestines were annular, but the ones in the rectum were intraluminal, and in these, a transition from villose adenoma to mucinous adenocarcinoma was seen. Such transition in intestinal tumors and association between villose adenoma and mucinous adenocarcinoma has been noted in man [17, 27] .
Large segments of the intestine were involved in cases of papillary adenocarcinomas of the duodenum and colon (table II), indicative of slow growth and horizontal spread of these neoplasms. These tumors also had fewer distant metastases. In man, the papillary tumors also involve large segments of the intestine [23] , and small adenocarcinomas are considered more malignant than those involving large segments [3] . The papillary tumors of the rectum that were smaller showed transition from tubulovillous structures and were biologically different from papillary tumors of the duodenum and colon. The acinar, solid and mucinous adenocarcinomas, however, showed more vertical growth and extended into the bowel wall, serosa and other organs. In contrast, the carcinoids had both horizontal and vertical growth (table II) . Gastrointestinal carcinoids in man behave similarly and the larger neoplasms are considered more malignant [15] .
Half of the rectal adenocarcinomas (table I) had transition from villose or adenomatous polypoid lesions with benign cells to highly dysplastic carcinoma cells. The polyps of colon and rectum in man have been associated with adenocarcinomas and the villose types are considered more prone to malignancy [11, 17, 28] . Such transition also has been reported in the dog [14, 25] . Table II shows the rate and organs of metastasis. The neoplasms are most often seen in the advanced stage. Local invasion was seen in 32 of the 35 neoplasms. One review [9] showed a lower rate of metastasis (32 of 47) and the frequency of metastasis was greater in the neoplasms of the large intestine (24 of 34). Diffuse metastasis into the liver was seen in all carcinoids, as it is in man [15] .
Hyperplasia and branching of crypt glands, hyperplasia of villose epithelium, increased goblet cells, areas of epithelial dysplasia and glandular fusion, some with anaplastic changes, were seen in the mucosa adjoining the neoplastic tissue. These changes were more common and more severe in the small intestine than in the large intestine. Similar changes have been associated with intestinal adenocarcinoma in man [17] .
A few other neoplasms were distributed randomly. No additional tumors were seen in the dogs with carcinoids. In man, carcinoids and adenocarcinomas of the small intestine are associated with multiple neoplasia [24, 30] .
